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(57) Under co^itipfls which jndic^at e^. alliwhciels^^ . 
unstable, all have been [ in,pre^ure decrease fer a iqng^ . 
time, and the vehicle reference velocity has been con- 
tinuously negatively corrected for along time, recovery 
are flags set on all wheels, If all recovery flags are set :!< 
and four wheel drive awk^ 
the reference velocity has not been in negative correc- - 
tion for too long, the gradient of the vehicle reference 
velocity is limited to a fixed lesser slope. If one or more 
recovery flags are set other measures can be taken, 
including flattening of the vehicle reference velocity 
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^ through gradual additions to : ; th%^ 

acceleration, and giving longer, pressure holds ; and 
delaying pressure increase/The recovery flag is reset 
separately on each wheel only when .^at^p^ig^efsL 
becomes completely$t^!e.JThe presence ^fgi^l^i; 
<driye axle oscillation^ is:determined ba^ JHl^eilffer^ 
-^ence between the sum of^the speeds of the front wheels 
and the sum of the speeds of the rear wheels. This dif- 
ference is also filtered to determine whether or not the 
vehicle is in four wheel drive. 
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Description 

Background of the Invention 

The invention relates to an antilock brake system 5 
for a vehicle having locked center four wheel drive (four 
wheel drive on demand). More particularly, the invention 
relates to a method for allowing the reference velocity to 
recover when the vehicle experiences four wheel drive 
axle oscillations It also relates to methods for determin- to 
ing when the vehicle is in four wheel drive, and when 
such axle oscillations are present. 

Automatic control of brake pressure in an ABS 
depends on accurate determination of the vehicle refer- , 
ence velocity, which is compared with the wheel speeds is 
in order to determine slippage at the individual wheels. 
Since the wheel speeds provide important inputs for cal- 
culating the reference velocity, problems with reference 
stability arise after a negative Hump (transition to road 
surface having a lower coefficient of friction) and on very 20 
low \i surfaces in general. 

In vehicles having a locked center (part time) four 
wheel drive (4WD) mode, the sums of the wheel veloci- 
ties of the front wheels equals the sums of the wheel 
velocities at the rear wheels. This is because the front 25 
. ^d,rear ^ without wy^iffe^ial^v $ 

Vyh0pi braki^whe^s indjep^TOently^ifjS ABS^does,/th^ :r >) 
may create c^ir^ front and ; reaiv^ 

axle speeds, causing wind-up in the drive train, i.e. tor- 
sional Joa^^ axle^, CV jdnts, a etc^ 
, Whsr^Jhe ,brjakj^ v are r<elegisf ed t - .unwirKjKng^ay;;^ 
causing "swinging" of the wheel speeds. If this wind-up ; 
and swinging are not prevented through strategic brak- 
ing (or not braking). 4WD axle oscillations can arise. 
This problem does not arise in full time 4WD vehicles. 35 
because there is some type of differential between the 
front and rear axles; this allows the front and rear axles 
to turn at different speeds. 

Particularly in the 4WD mode, vehicle reference 
velocity can be "lost" within 2-5 seconds after a negative 40 
Hump in spite of the input from an acceleration sensor. 
This is caused by late response of the acceleration sen- 
sor, the reluctance to use this sensor to its fullest extent 
(for safety reasons), and four wheel drive axle oscilla- 
tions which are present in a locked-center 4WD vehicle. 4S 
These axle oscillations cause the wheel speed sensors 
to see high wheel re-accelerations, which in turn disable 
prior mechanisms which support or flatten the reference 
velocity. 

The prior art does not address the problem of so 
recovering the reference velocity in a 4WD drive vehicle 
experiencing axle oscillations. U.S. Patent NO. 
5.364 r 1 74 describes an ABS for a 4WD vehicle and par- 
ticularly relates to supporting the reference speed by 
use of an auxiliary reference speed when one or more 55 
wheels becomes, unstable. Problems due to wheel or 
axle oscillations which could interfere with the wheel 
speed signals are not recognized. 
. the prior art also does not address the problem of 



4WD axle oscillations^vnich arise in a vehicle having 
locked center 4 WD. U.S. Patent No. 4,317,105 dis- 
closes using an accelerometer on the suspension in 
order to detect wheel oscillations, which in turn indicate 
the condition of the shock absorbers. 

U.S. Patent No. 4.51 1.014 discloses a system for 
automatically switching from 2WD to 4WD, and recog- 
nizes 4WD problems including vforation of the vehicle 
body. There is no recognition of interference with the 
sensed wheel speeds. 

SUMMARY OF THE INVENTION 

Under conditions which are experienced with a 
locked center 4 WD vehicle on high to low |i transitions 
and low \i with severe axle oscillations in general, recov- 
ery flags on all four wheels are se t. These conditions 
are: (1) all wheels unstable (FPG); (2) sum of time in 
pressure decrease counters for all wheels (ABZ) 
greater than a threshold; and (3) continuous negative 
correction of reference for a length of time exceeding a 
threshold (POR_Z > N R ). These conditions indicate that 
the vehicle reference velocity is dropping off too fast and 
corrective measures must be taken to prevent this to 
maintain vehicle stability/steerability, insofar as a much 
^highefJevel of true slip at wheels is gen^rat^j^ 
; jerepce has dropped too fast;;;'- y-^^rn^^^^^fe^ 
;,; K -:^The recovery flags, although s^.amultaneously, t 

are reset separately. The reset condition is simply that 
v$je particular wheel must bexompletely ; stable^ i; 
f^Once' the recovery flags ^havebeen.^ 
gu$ed : ;to save the vehicle reference: ^loqty^in a^/M- # 
ferent ways. The most significant of these reference cor- 
rection measures is the actual limitation of the 
calculated vehicle deceleration (SDV). If all recovery 
flags are set. 4WD axle oscillation (AOL) has been 
detected, and the reference in negative correction coun- 
ter does not exceed a threshold N L , then the calculated 
vehicle deceleration SDV is limited to a slope no steeper 
than a predetermined slope (e.g. -0.3 g) until these con- 
ditions are no longer satisfied. The SDVls used in the 
calculation of the vehicle reference velocity and there* 
fore significantly influences the reference slope. 

The measures dependent on the recovery flag 
which are of lesser significance but also aid in reference 
recovery are the adjustment of SDV and the delaying of 
the pressure increase pulsetrain. Adjustment of SDV is 
simply by the addition of a value dependent on the time 
in pressure decrease counters, ABZ. This is a reference 
velocity flattening measure which is undertaken when 
the recovery flag is set on a wheel. The delaying of the 
pressure increase pulsetrain can also be undertaken 
when the recovery flag is set on that wheel. By delaying 
the pulsetrain, wheels may recover to a greater degree, 
thus giving the reference velocity more stable wheels to 
follow. 

. With all the measures discussed, the vehicle refer- .. 
ence velocity has a much better chance of surviving 
high to low transitions and very low fi as well in vehi- 
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cles with locked center 4WD ufflQFsevere axle oscilla- 
tions are present. The wheels can thus maintain a slip 
level that will provide a much improved vehicle stability 
and steerability. This concept or similar (with different 
triggering conditions) will also work for certain 2WD $ 
vehicles with very high tire/wheel inertia and/or exces- 
sive drive train drag where wheels remain at high slip 
levels for a significant amount of time. 

The invention also relates to a method for determin- 
ing whether a locked center four wheel drive vehicle is in 10 
2WD or 4WD. This determination is based on the fact 
that the sum of the front wheel speeds will equal the 
sum of the rear wheel speeds when the vehicle is in 
4WD. The difference between these sums is taken, but 
the difference must be filtered to account for gear back- 1 s 
lash, drive line elasticity, and tone wheel ringing. After 
calculating the raw value of this difference, the rate of POR_Z: 
change of this value per 1 0 ms control cycle, the filtered 
value, and its absolute value, the absolute filtered value 
is compared to a threshold to determine which drive 20 ABZ: 
mode (2 WD or 4WD) the vehicle is operating in. 

The unfiltered difference AV UNF between the sums FPG: 
of the front wheel speeds and the sums of the rear 
wheel speeds can be monitored and ultimately (based 
on the corresponding frequency) can give an indication 25 
of whether 4 WD axle oscillations AOL are present. Of ,. 
course, axle oscillation detection is only enabled when it 
has been determined thatthS vehicle^ Viot o^rating in ?>-'. 
2WD mode. 

Presence of four wheel drive -axle oscillations is 30 
determined by setting a P flag when the difference 
AV UNF exceeds a positive threshold and by settrhg an N- <* 
flag when the differeh6'#tell^ 
old. AV UNF is a signed value which generally fluctuates 
between these thresholds. 35 

The axle oscillation flag (AOL) is set on the rising 
edge of either the positive or negative flag while at the 
same time a counter value is less than a threshold 
which corresponds to the typical axle oscillation fre- 
quency (1 0 Hz). The AOL flag is reset if the counter ever 40 
reaches its maximum value. The counter is incremented 
each 10 ms up to its maximum and is cleared on the 
very next rising edge of either the positive (P) a nega- 
tive (N) flag. An axle oscillation is indicated by the AOL 
flag being set. 45 

Brief Pescnption of the Drawings 

Figure 1 is a schematic of the logic used to stabilize 
: . the reference velocity in the presence of 4WD axle so 
oscillations; 

Figure 2 is a schematic of additional logic for Figure 
1 to adjust the calculated vehicle deceleration - 
based on the time in the pressure deer ase 
counters; ss 
Figure 3 is a schematic of additional logic for Figure 
1 to delay the pressure increase pulse train based 
on setting of recovery flags and instability at the 
wheels; . 



Figure 4 is a sIBmatic of the logic used to deter- 
mine whether or not the vehicle is in 4WD based on 
the wheel speeds; 

Figure 5 is a schematic of the additional logic for 
Figure 4 to determine whether or not 4WD axle 
oscillations are present. 

Figure 6 is a plot of the difference in wheel speeds 
at the axles, and the states of the flags and the 
counter. 

PetaMed Description of the Preferred Embodiment 

The reference velocity recovery logic makes use of 
existing counters and flags which are part of prior ABS 
logic. These counters and f lags-iafe as follows: ; - <-; 



Counter which indicates how long the refer- 
ence velocity has been in continuous nega- 
tive correction. 

Counter which measures how long a wheel 
has been in pressure decrease. 
Flag whic h indicates if a wheel is stable or 
not (FPO a not stable) 
Flag which indicates the beginning of insta- 
bility at a wheel. F1 is set during the first 10 
ms of pressure decrease on a wheel; there is 
not necessarily a genuine instability unless 
3 conditions exist for more than 1 0 ms. " 



Referring to Figure 1, wheel speed signals are pro- 
vided to a block 10 which calculates the vehicle refer- 
ence sp&ed V REF in known fashidn ' Vrep -is supipiied to^" 
' ah evaluation arcurt 12, which' SlsoT6c6i ves : the wheel * 
speed signals in order to calculate slippage and gener- 
ate brake pressure control signals for the valves 18 for 
each individual wheel or braking channel. These are 3/3 
valves or the like which can be used to decrease, main- 
tain, or increase the hydraulic pressure in accordance 
with the amperage and duration of the signals. 

While the block 1 0 for calculation of V REF is shown 
separately from the evaluation circuit, this function is 
generally part of the evaluation circuit It is shown this 
way solely to clarify how the value V RgF is stabilized 
according to the method of the invention. 

The evaluation circuit 1 2 determines whether or not 
the individual wheels are stable, and transmits signals 
which set (or reset) the FPG flags 14. This determina- 
tion is made by known methods e.g. by comparing it to 
a threshold as described in U.S. Patent No. 5,249,852. 
When none of the wheels are stable, as determined by 
abse nce of any FPO inputs to an AND-gate 18, a signal 
FFGau & generated. 

When pressure decrease at a wheel commences; 
as indicated by a signal to a valve 18, the corresponding 
counter 22 begins incrementing (once each cycle in a 
non-linear manner) and these individual wheel counter 
values ABZ are added in a block 24 at the conclusion of 
every controller cycle. This sum is compared with a 
threshold ABZ R (e.g. 120) in block 26, and a signal is 
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transmitted when this threshold is exceeded. 

As a third condition to setting the recovery flags, the 
time of continuous decrease of V REF is monitored. This 
may be done by differentiating the V REF signal from 
block 10 in a differentiator 28 to produce the reference 
gradient V REF When this is negative, as indicated by 
block 30. a counter 32 begins to increment and contin- 
ues to increment as long as a V REF is negative. When 
the time POR_Z exceeds a threshold N R (200 ms) as 
determined in a c ompar ator 34, a signal is transmitted. 

When signals FR3 ALL , IABZ > ABZ Ri and POR_Z 
> N R are all present, as determined by AND gate 38, the 
recovery flags RECV (blocks 40) are set simultaneously, 
and signals are transmitted to an AND-gate 42" which 
transmits a further signal indicating that all four recovery 
flags are set. 

Resetting of the recovery flags is performed individ- 
ually when the corresponding wheel becomes stable. 
Stability at a wheel is indicated by setting of a corre- 
sponding FPG flag at block 14 and further by the 
absence ol any pressure decrease at that wheel. Flags 
F1 are set during the first 10 ms of pressure decrease at 
a wheel; if the F1 flag is not set and the corresponding 
FPQ flag is set. the corresponding AND gate 21 trans- 
mits a signal to block 40 to reset the corresponding 
recovery flag RECV This will^artTcel' the -stghal*1rbm ^ 
AND gate 42 sathai^ 

erence velocity will^'lbnger be taken:' ^ ^ .•■ '* 

Setting of all recovery flags is only one of three con- 
ditions which triggers cbrri^dri of additionally " 
the time of c»rftihitoite'deb^ 
exceed a threshold Nj\arxj4WD ! ^ 
must be present. The second condition is determined by 
comparing the counter value POR_Z from block 32 with 
a threshold N L in block 36 and transmitting a signal 
while N u (e.g. 600 ms) is not exceeded. Presence of 
4WD axle oscillations AOL is indicated by a signal from 
block 44. Block 44 is a schematic representation of cir- 
cuitry which uses the wheel speeds to determine 
whether the vehicle is in 4WD and whether vibrations of 
a frequency which characterizes 4WD axle oscillations 
are present. This circuitry will be discussed in conjunc- 
tion with Figures 4-6. 

When all four recovery flags are set and V REF has 
not been decreasing for too long and 4WD axle oscilla- 
tions are present, AND gate 46 transmits a signal to a 
block 48 which limits the calculated vehicle deceleration 
SDV. The block 48 receives the reference gradient 
Si REF from block 28 and limits this gradient to a prede- 
termined value. e.g. -0.3 g. The vaiue SDV is then 
imposed on the calculation of V REF in block 10 so that 
V REF will not decrease too quickly, and the reference 
value will not be "lost". 

Figures 2 and 3 depict additional measures which 
aid the recovery of the reference velocity. According to 
Figure 2, the SDV block 48 receives inputs from the 
pressure decrease counters 22 when the corresponding 
recovery flags 40 are set. The reference velocity V REF is 
then flattened by lowering SDV (magnetic-wise) in 
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dependence on the ABZ values received from the pres- 
sure decrease counters 22. 

Figure 3 shows a measure for stabilizing the refer- 
ence velocity indirectly by stabilizing the wheels. When 
5 the recovery flags RECV are set as indicated by signals 
from blocks 40, delay units 17 will delay the pressure 
increase pulse train to corresponding brake valves 1 8 
so that they will have additional time to recover from a 
slipping condition. In order for these delays to take effect 
10 it is also necessary for the corresponding wheels to be 
stable, as indicated by the FPG flags. FPQ flags are set 
based on wheel stability and limited slippage, in addition 
to the absence of pressure decrease. 

Figure 4 is a logic diagram for determining whether 
is the vehicle is in the 4WD mode or the 2WD mode, which 
is ultimately indicated by setting a 2 WD flag 72. 

Block 50 receives the wheel speed signals from the 
sensors, forms the sum £V F of the wheel speeds at the 
front axle and the sum EV R of the wheel speeds at the 
20 rear axle, and subtracts one from the other to produce 
an unfittered difference AV UNF (n), where n indicates the 
controller cycle; the procedure is repeated in cycles n, n 
+ 1 , ... having a duration of about 10 ms each. Prior to 
filtering, the filtered difference AV F | L (n-1) from the previ- 
25 ous cycle is subtracted from AV UNF (n) to produce the 
change A(AV) UNF (n) per control cycte T (block 52): The 
^ ^change per cycle is ittien f iiiered to produce a filtered ^ 
: \ value A(AV)Fiu( n ) which falls betwe^n limits^x and #a; 
where a is a vehicle dependent parameter, e.g., 0.5 
'30 ikm/h/10 ms (block 54). If A(AV)uN F (n)Ms less than -a, 
; A(AV) F!L (n) is limited to -a. For values between -crahd 
^ f' i+o, A(AV) FIL (n) a A( AV) ^(n) V For yalues^c 

a, A(AV) F1L (n) is limited to a. The filtered change per 
cycle A(AV) F)L (n) is then added to the filtered difference 
35 AV F)L (n-l) from the previous cyde to produce the fil- 
tered difference AV F | L (n) (block 56). This is stored for 
one cycle in a store 58 in order to provide the value 
AV FIL (n-1) needed for calculating AV FIL (n) in the next 
cycle. 

40 The absolute value of the filtered difference 
AV FIL (n) is determined in block 60 and compared with a 
reset threshold pi in a block 62 and a set threshold p2. 
in a block 64. If the ABS is active, as indicated by a sig- 
nal AVZ from the evaluation circuit, and if |A F(L (n)| 
4S exceeds the set threshold p2 of about 7 km/h, then AND 
gate 70 transmits a signal which sets the 2WD flag at 
block 72. If the ABS is not active and |AV FIL (n)| is less 
than or equal to a reset threshold pi of about 1 km/h, 
the 2WD f lag is reset (2WD). This provides an indication 
so that the vehicle is in the 4 WD mode, pi and p2 are vehi- 
cle dependent parameters. 

Figure 5 illustrates the logic for determining 
whether 4WD drive axle oscillations are present, which 
proceeds by monitoring of the unf iltered difference 
55 AV UNF (n) to determine the oscillation period. Figure 6 is 
a plot which shows the dependence of various flags on 
the value of AV UNF (n). 

Each time AV UNF (n) exceeds a positiv threshold P 
(block 73) or falls below a negative threshold N (block 
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74), a corresponding flag is d^^rcaily set (blocks 76 wheel basUff said wheel speeds and V Refl 

and 78). The setting of these flags further depends on measuring the time ABZ that pressure has 

the vehicle being in 4WD and the corresponding flag not been decreasing at each wheel, 

already being set. as determined by respective AND- adding the times of pressure decrease at all 

gates 75 and 77. Setting of the N flag further requires s . four wheels to produce a sum of pressure 

that threshold P not be exceeded. The P flag is reset if decrease times, 

2WD is indicated (OR-gate 82) or the P threshold is not determining when said sum exceeds a thresh- 

exceeded while the vehicle is in 4WD (output of AND- 0 |d time ABZ R . 

gate 80 taOR-gate 82). The N flag is reset if threshold setting a recovery flag for each wheel when the 

P is exceeded while the vehicle is in 4WD (AND gate 10 time POR^Z exceeds said threshold time N R 

84) or threshold P is not exceeded and AV UNF (n) is not and all four wheels are unstable and the sum of 

below threshold N while the vehicle is in 4WD (AND pressure decrease times exceeds said thresh- 

gate86). old time ABZ R , 

The detection of 4WD axle oscillations is directly limiting the reference velocity so that the nega- 

dependent on the states of the P flag 76, the N flag 78, is tive gradient thereof is reduced when all four 

the AOL flag 44, and the counter 90, and indirectly recovery flags are set, 

dependent on the value of AV UNF (n). generating brake pressure control signals 

The counter 90 is used to measure the period of based on said wheel speed signals and said 

axle oscillation, and is incremented once each 10 ms reference velocity, and 

controller cycle beginning with the setting of the P flag 20 varying brake pressure at each wheel in 

or the N flag, and being reset (restarting at zero) with accordance with respective said control sig- 

each new rising edge (dynamic setting) of a P flag or N nals. 
flag. The setting of the 2WD flag provides an additional 

condition for resetting the counter via OR-gate 92. The 2, Method as in claim 1 further comprising, as an addi- 

counter continues to increment until it reaches a maxi- 25 tional condition to limiting the reference velocity, 

mum value T (comparator 94). So long as it does not determining that the time POR_Z does not exceed , 

reach this; maximum and the vehicle is in 4WD. it will ^ • a threshold N^. ^ 

continue to increment (AND gate 96). Once it reaches 

the maximum T, it will hold that value so long as the P 3. Method as in claim 1 wherein said method is 

and N flags are not set and the vehicle is in the 4WD 30 directed to a vehicle having locked center four 

mode (AND gate block 98). wheel drive, said method further comprising, iK!an 

The AOL flag is set on the occurrence of the additional condition to limiting the reference veloc- 

dynamic setting of the P flag or N flag as indicated by ity, determining that four wheel drive axle oscilla- 

the output of rising edge indicators 81 and 83 to OR- tions are present, 

gate 100. Additionally, the counter must be below its 3s 

maximum T and the vehicle must be in 4WD (AND-gate 4. Method as in claim 1 wherein said reference veloc- 

102). The AOL flag is reset if the counter reaches its ity is limited by generating a calculated vehicle 

maximum while the vehicle is in 4WD (AND gate 104) or deceleration SDV based on the gradient of V Refi 

the vehicle is in 2 WD (OR-gate 106). and imposing said calculated vehicle deceleration 

The foregoing is exemplary and not intended to limit 40 : SDV on said reference velocity V Ref . 

the scope of the daims which follow. - 

5. Method as in claim 4 wherein said calculated vehi- 

Claims de deceleration SDV is limited to a predetermined 

maximum slope. 

1. Method for controlling slippage of wheels during 45 

braking of a vehicle equipped with four wheels and 6. Method as in claim 4 wherein said calculated vehi- 

an antilock brake system effective at ail four wheels, cle deceleration SDV is decreased magnitude-wise 

said method comprising based on pressure decrease times ABZ at each 

wheel. 

measuring the wheel speeds, 

generating a vehicle reference velocity V Ref 7. Method as in claim 1 wherein said brake pressure is 

based on the wheel speeds, . varied by decreasing pressure followed by increas- 

determining the gradient of V^f, ing pressure at respective wheels, said increasing 

determining if the gradient of V REF is negative, being delayed based on setting of recovery flags at 

measuring the time POR_Z that the gradient ss respective wheels 
has been negative, 

determining when the time POR_Z exceeds a • 8. Method as in claim 7 wherein said increasing of 

threshold N R , brake pressure is further based on absence of 

determining presence of instability at each instability at respective wheels. 
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9. Method as in claim 1 furtheTcomprising resetting 
said recovery flags when respective wheels are no 
longer unstable. 



# 
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13. Method as in claim 11 wherein it is assumed that 
said center is locked until it is determined that said 
center is not locked. 



10. Method for controlling slippage of wheels in a part 
time four wheel drive vehicle having a front axle, a 
rear axle, and a (ockable center between axles, said 
vehicle being equipped with ABS. said method 
being performed in control cycles comprising 

measuring the wheel speeds, 
adding the wheel speeds at the front and rear 
axles to produce respective sums, 
subtracting the sum of the wheel speeds at the 
rear axle from the sum of wheel speeds at the 
front axle to produce an unfiltered difference 
AV UNF (n) in a current control cycle n, 
retrieving a filtered difference AV F | L (n-1) for the 
previous control cycle from storage, 
determining an unfiltered change of difference 
per control cycle A(AV) UNF (n) = AV UNF (n) - 
AV FlL (n-1 ), 

filtering said unfiltered change of difference 
A(aV)unf(") to produce a filtered difference 
A(AV)FiL(n), wherein A(AV) FIL (n) a -a for 
:r ;. : , A(AV) UNF (n) < -a, A(AV) Fll (n) =» A(AV)^ F (n) 
^y, r - ^ r -a < A(AV)uNF< n ) < <*• and A(AV) FlL (n) * a 
for A(AV) UNF (n)> a, where a is a vehicle 
dependent parameter, 
; adding said filtered change of difference 
; A(AV) F | L (n) to said filtered difference AV F | L (o-l£ 
iLs- to produce a filtered difference AV FIL (n), 

storing said filtered difference AV F m(n j to pro- 
vide AV F(L (n-1) in the next control cycle, 
determining an absolute value AV F i L (n) of said 
filtered difference AV F | L (n), 
determining that said center is locked, whereby 
said vehicle is in four wheel drive, when said 
ABS is not active and said absolute value 
|AV FIL (n)| is not greater than a first threshold 
PL 

generating brake pressure control signals 
based on whether or not said vehicle is in four 
wheel drive, and 

varying brake pressure at each wheel in 
accordance with said brake pressure control 
signals. 

11 . Method as in claim 10 further comprising determin- 
ing that said center is not locked, whereby said 
vehicle is not in four wheel drive, when said ABS is 
active and said absolute value |AV F]L (n)| is greater 
than a second threshold p2, wherein p2 is larger 
thanpl. 

12. Method as in claim 11 wherein a two wheel drive 
flag is set when said vehicle is not in four wheel 
drive and reset when said vehicle is in four wheel 
drive. 
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14. Method as in claim 10 further comprising, after 
determining that said center is locked, determining 
whether or not four wheel drive axle oscillations are 
present, said brake pressure control signals being 
based on whether or not four wheel drive axle oscil- 
lations are present 

15. Method for controlling slippage of wheels in a part 
time four wheel drive vehicle having a lockable 
center between axles, said method comprising 

measuring the wheel speeds, 
adding the wheel speeds at the front and rear 
axles to produce respective sums, 
subtracting the sum of the wheel speeds at the 
rear axle from the sum of the wheel speeds at 
the front axle to produce an unfiltered differ- 
ence AV UNP 

determining whether said vehicle is in two 
wheel drive or four wheel drive based on 
AV UNP 

setting a P flag when AV UNF exceeds a positive : 
threshold P and sai^Vehicl^is in 
drive and said P flag is not already set, *}\ :. \ 
setting an N flag when AV UN F falls below a neg- 
ative threshold N and. said vehicle is in four 
wheel drive and said; N flag is not already -set, 
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and AV UNF has not reached or exceeded said \ 
threshold P, 

incrementing a counter at regular time inter- 
vals, beginning with the setting of a P flag or an 
N flag, until said counter reaches a maximum, 
whereupon said counter is held constant, 
clearing said counter each time a P flag or an N 
flag is set thereby restoring said counter to 
zero, 

determining that four wheel drive axle oscilla- 
tions are present upon setting of a P flag or an 
N flag when said vehicle is in four wheel drive 
and said counter is less than said maximum, 
generating brake pressure control signals 
based on whether or not four wheel drive axle 
oscillations are present, and 
varying brake pressure at each wheel in 
accordance with said brake pressure control 
signals. 



16. Method as in daim 15 wherein it is determined that 
to'ir wheel drive axle oscillations are not present 
when said vehicle is in four wheel drive and said 

55 counter reaches said maximum. . 

17. Method as in claim 1 5 wherein said counter is held 
. constant when said , vehicle is in four wheel drive 

and neither P flag nor N flag is set and said counter 



7 
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V has reached said maximu 

1 8. Method as in claim 1 5 wherein said P flag is reset 
when said vehicle is in four wheel drive and AV UNF 
falls below said positive threshold P, and s 

said N flag is reset when said vehicle is in 
four wheel drive and AV UNF exceeds said negative 
threshold N and has not exceeded said threshold P. 
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(54) ABS control for a four Wheel drive vehicle experiencing axle oscillations 



(57) Under conditions which indicate ail wheels are 
unstable, all have been in pressure decrease for a long 
time, and the vehicle reference velocity has been con- 
tinuously negatively corrected for a long time, recovery 
are flags set on all wheels. If all recovery flags are set 
and four wheel drive axle oscillations are present and 
the reference velocity has not been in negative correc- 
tion for too long, the gradient of the vehicle reference 
velocity is limited to a fixed lesser slope. If one or more 
recovery flags are set. other measures can be taken, 
including flattening of the vehicle reference velocity 



through gradual additions to the calculated vehicle 
acceleration, and giving longer pressure holds and 
delaying pressure increased JThe recovery flag is reset 
separately on each wheel only when that specific wheel 
becomes completely stable. The presence of four wheel 
drive axle oscillations is determined based on the differ- 
ence between the sum of the speeds of the front wheels 
and the sum of the speeds of the rear wheels. This dif- 
ference is also filtered to determine whether or not the 
vehicle is in four wheel drive. 
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